In this study, the effects of the hot water root extract of Angelica gigas Nakai (AGN) on the differentiation of 3T3-L1 preadipocytes and the possible mechanism of glucose transport were investigated. Post-confluent 3T3-L1 cells were differentiated in the presence (up to 400μg/ml) or absence of AGN Oil red O staining showed that AGN extract significantly enhanced adipocyte differentiation in a dose dependent manner. Intracellular lipid accumulation was significantly increased by the AGN treatment. RT-PCR and Western Blot analysis showed that AGN increased cell differentiation by upregulating the expression of PPARγ dose dependently. AGN also promoted glucose transport by increasing the expression of glucose transporter 4 (GLUT-4), phosphatidylinositol 3-kinase (PI3K) and insulin receptor substrates-1 (IRS-1). Our results suggest that AGN extract may be a potential therapeutic agent for managing Type II Diabetes Mellitus (T2DM) by promoting the differentiation of adipocytes via the upregulation of PPARγ levels and the activation of the insulin signaling pathway.
Introduction
Lipid homeostasis and the maintenance of energy balance are centralized on the highly specialized role of adipocytes. An excessive accumulation of adipose tissue described as obesity is a major risk factor for the development of Type 2 diabetes mellitus (T2DM) (Han et al., 2012) . T2DM is a medical condition characterized by an elevation of blood glucose level as a result of either insulin resistance and/or insulin deficiency. This medical condition is considered as one of the most predominant type of diabetes since it represent 90% of diabetic cases (Hassan, 2013) . Insulin resistance is a major risk factor of T2DM and refers to a state in which physiological concentrations of insulin are poorly effective (Castan-Laurell et al., 2012) . Insulin levels increase to compensate for progressing insulin resistance leading to decreased glucose uptake and glucose utilization (Burèn et al., 2003) . Therefore, the central pathophysiological event in the development of T2DM is the insulin resistance in adipose tissue, muscle and liver (Xue et al., 2011) .
Adipocytes are key promoters of insulin resistance that modulate adipokine secretion in T2DM (Ahn et al., 2010) . Abnormal differentiation of preadipocytes affects glucolipid metabolism and induces insulin resistance (Liu et al., 2009) Adipocyte differentiation is a complex process that involves expression of several adipocyte-specific genes, including PPARγ (Peroxisome proliferatoractivated receptor-gamma), which lead to morphological changes and lipid accumulation within the cells . PPARγ, which is mainly found in adipose tissue, is a key transcription factor that regulates adipogenesis and plays an important role in the regulation of genes involved in adipocyte differentiation, lipid storage, glucose metabolism and insulin signal transduction (Ahn et al., 2010; Zhang et al., 2010) . PPARγ activation can increase the number of small adipocytes, which are more sensitive to insulin, and reduce the number of large adipocytes (Xu et al., 2006) . In this regard, PPARγ has been an attractive target for new drug discovery, and several types of PPARγ agonists with new structures have been developed.
Angelica
gigas Nakai belonging to Umbelliferae family is an herb from Korean medicine traditionally used for the treatment of blood flow (cognitive and cardiovascular) , inflammatory disorders (Zhang et al., 2012) and gynecological conditions as well as anemia. It is known as Dang gui, although specifically 'Korean Dang Gui' (or Cham-dang-gui) (Joo et al., 2010) . A study conducted by Kim et al., (2008) demonstrated the anti-diabetic activity of angelan isolated from AGN in diabetic mice models. Also, many studies demonstrated the immunostimulatory potential of Angelica gigas Nakai (AGN) but the mechanism of its anti-diabetic effects in vitro has not yet been investigated. Thus, the specific aim of this study was to verify the molecular mechanism underlying the effect of AGN on the 3T3-L1 adipocyte differentiation, lipid accumulation and insulin signaling pathway.
Materials and Methods

Plant Material Collection, Extraction and Preparation
The powdered roots of Angelica gigas Nakai (AGN) was purchased from a Korean Oriental Herb store in Anseong, South Korea then the hot water extract was obtained by subjecting to the following process. The air dried AGN was freeze dried and pulverized to powder form. An exact amount of 100 grams of the dried AGN powder was soaked into a flask with 1 liter boiling water (90˚C) for 4 hours and mixed every 30 minutes. After which, the flask was cooled at room temperature and the suspension was filtered. The filtered aqueous extract was placed in a clean container for freeze drying and stored at -70°C. A stock solution was then prepared by dissolving the extract powder in the basal medium and experimental concentrations were diluted. Extracts were sterilized by filtration using 0.22 µm pore filter.
3T3-L1 Cell Culture and Stimulation
Murine 3T3-L1 preadipocytes (Korean Cell Bank) were cultured to confluence in Dulbecco's Modified Eagle's Medium (DMEM, Gibco) supplemented with 10% Bovine Calf Serum (BCS, Gibco) and 1% Penicillin/Streptomycin (Gibco) in a humidified atmosphere with 5% CO2 at 37ºC. On day 2 of post-confluence (designated as day 0), cells were induced to differentiate with DMEM supplemented with 10% Fetal Bovine Serum (FBS, Gibco), 1µM dexamethasone (DEX, SigmaAldrich), 0.5 mM isobutylmethylxanthine (IBMX, Sigma-Aldrich), and 10µg/mL insulin (INS, SigmaAldrich) with increasing concentration of AGN extract. After 48 h (day 2), the media were replaced with DMEM supplemented with 10% FBS and 10µg/mL insulin. The cells were subsequently refed every 48 h with DMEM supplemented with 10% FBS until day 8.
Cell Viability Assay
To determine the effect of different concentration of AGN extract on 3T3-L1 preadipocytes, a proliferation assay was performed using the CCK-8 assay (Dojindo). Cells were seeded at a density of 1 X 10 4 cells/well in a 96-well plate and treated with different calcium and retinoic acid concentrations. Cells were incubated for 24 and 48 hours. CCK-8 reagent was added to the cell suspension and optical density was measured at 450nm using a micro plate reader. For the treated cells, viability is expressed as the percentage of control cells.
Oil Red O Staining
The extent of differentiation reflected by the amount of lipid accumulated was determined at day 8 by Oil Red O staining. Briefly, differentiated 3T3-L1 cells were fixed in 10% formaldehyde in PBS for 1 hour, washed with distilled water, and dried completely. Cells were stained with 0.5% Oil Red O solution in 60:40 (v/v) isopropanol:TW for 15 minutes at room temperature, washed four times with TW and dried. Differentiation was onitored under a microscope and quantified by elution with isopropanol and optical density measurements at 490 nm.
RNA Extraction and Reverse Transcription Polymerase Chain Reaction (RT-PCR)
Confluent cultures of 3T3-L1 cells in 6-well plates were induced as previously described for 8 days. Total RNA was extracted from 3T3-L1 pellets using RNAiso Plus (Takara Shuzo Co.) according to the manufacturer's instructions. DNA was synthesized from1 µg of total RNA in a 20 µl reaction using a Maxime RT PreMix Kit (iNtRON Biotechnology). PCR reactions consisted of an initial denaturating cycle at 95ºC for 5 minutes, followed by 30 amplification cycles: 40 seconds at 95ºC, annealing for 40 seconds (temperature ranging from 56-62ºC) and extension at 72ºC for 1 minute. The following oligonucleotide primers were used in RT-PCR: Beta-actin forward: CAC CCC AGC CAT GTA CGT; Beta-actin reverse: GTC CAG ACG CAG GAT GGC; PPAR γ forward: GAT GGA AGA CCA CTC GCA TT; PPAR γ reverse: AAC CAT TGG GTC AGC TCT TG; GLUT-4 forward: ACA TAC CTG ACA GGG CAA GG; GLUT-4 reverse; CGC CCT TAG TTG GTC AGA AG; PI3K forward: CTC TCC TGT GCT GGC TAC TGT; PI3K reverse: GCT CTC GGT TGA TTC CAA ACT; IRS-1 forward: CCT CAC AGT CTT CAG TGG CT; IRS-1 reverse: ATA GTC CCC ATT TCC TTT GC.
Western Blot Analysis
Cells were seeded in 6-well plate and adipocyte differentiation was induced as described above with different concentration combination of calcium and retinoic acid. At day 8, protein was extracted by adding protein extraction solution (iNtRON Biotechnology). The lysates were clarified by centrifugation at 15000rpm for 15 min at 4 C and the protein content of the supernatant was determined using a modified Bradford assay. Diluted 30 µg of the protein samples were separated by SDS-polyacrylamide gel electrophoresis and transferred to nitrocellulose transfer membranes. The membranes were blocked with 5% skimmed milk and hybridized with the following primary antibodies PPAR γ, GLUT-4, PI3K, IRS-1 and beta actin (Abcam). Specific proteins were identified by further incubation of the corresponding membranes with horseradish peroxidase-conjugated secondary antibodies followed by a treatment with enhanced chemiluminescence (AB Frontier). The target proteins were exposed and detected to radiographic film.
Statistical Analysis
All quantitative data are representative of at least three independent experiments and the results were expressed as means + S.D. Differences between means were evaluated using ANOVA test (one-way) followed by Duncan's Multiple Range Test. Differences were considered significant at P< 0.05. The statistical software package SAS v9.2 was used for the analysis.
Results
Effect of AGN Extract on Cell Viability
To determine if the AGN extract can cause any cytotoxicity, we investigated the effect of AGN extract treatment for both 24 and 48 hours of incubation on the cell viability of 3T3-L1 cells by CCK-8 assay (Figure 1) . AGN extract at concentrations of 100, 200 and 400 µg/ml did not cause any cytotoxicity but rather, it promotes cell proliferation. Therefore, we used AGN extract until 400 µg/ml for the following experiments to identify its anti-diabetic properties and molecular mechanism of action. 
Effect of AGN Extract on Adipogenic Differentiation
To determine the effect of AGN extract on the adipogenic differentiation, post confluent 3T3-L1 cells were maintained in the differentiation solution containing IBMX, dexamethasone and insulin and then treated with AGN extract at concentrations of 100, 200 and 400µg/ml. adipogenic differentiation was measured by Oil Red O staining for lipid droplet accumulation and triglyceride content measurement. Figure 2 exhibited that AGN significantly enhanced adipogenic differentiation in 3T3-L1 cells. 
Effect of AGN Extract on PPARγ Expression
Adipogenic differentiation-induced lipid accumulation is accompanied by induction of the main adipogenic transcription factor, PPARγ (Ahn et al., 2010) . In line with this, we investigated the expression of PPARγ mRNA and protein in 3T3-L1 adipocytes through RT-PCR and Western blot respectively. As shown in Figures 3 and 4 
Effect of AGN Extract on GLUT4 Expression
GLUT4, an insulin-regulated glucose transporter, is highly expressed in adipose tissues (Xue et al., 2006 ) therefore, we investigated the expression of GLUT4 in 3T3-L1 cells by RT-PCR and western blot analysis. As shown in Figure 3 , AGN extract significantly increased the mRNA expression in 3T3-L1 adipocytes. In keeping with the increased mRNA expression of GLUT4, protein expression was also analyzed. Figure 4 exhibited a considerable increase in GLUT4 protein expression by AGN extract treatment in 3T3-L1 cells. 
Effect of AGN Extract on PI3K Pathway
The study evaluated the effects of AGN extract on the insulin signaling pathway in 3T3-L1 cells. Insulin signaling is initiated by the binding of insulin to the insulin receptor to activate IRS-1, which eventually activates PI3K. The activation of PI3K results in the recruitment of GLUT4 to the cell surface . As shown in Figures  3 and 4 , the PI3K activation and IRS-1 phosphorylation were increased in the AGN extract treated cells suggesting that AGN extract can improve glucose uptake in adipocytes by promoting GLUT4 mRNA and protein expression and activation of the PI3K/IRS-1 signaling pathway.
Discussion
The current study presented evidences that AGN root extract enhances adipogenic differentiation of 3T3-L1 preadipocytes to adipocytes by an increase in PPARγ expression accompanied by the activation of the insulin signaling pathway through increased GLUT4 and PI3K/IRS-1 phosporylation in adipocytes, suggesting that AGN root extract may have a potential in inhibiting T2DM.
The effect of AGN extract on adipogenic differentiation was evaluated with Oil Red O staining. Lipid accumulation was measured using Oil Red O staining because lipid droplets produced in the adipocyte cytoplasm are selectively stained with Oil Red O marking adipogenic differentiation (Ikarashi et al., 2012) . Results showed that treatment of AGN extract in 3T3-L1 preadipocytes remarkably promoted adipogenic differentiation. PPARγ has emerged as a key regulator of adipogenic differentiation in adipose tissue (Sharma and Staels, 2007) . In mature fat cells, PPARγ regulates insulin signaling, glucose and lipid metabolism.
Therefore, PPARγ is a major target for the treatment of various diseases, including diabetes, and has been an attractive target for new drug discovery (Yang et al., 2007) . This study showed that AGN extract effectively promoted adipogenic differentiation in preadipocytes by enhancing the PPARγ transcription levels. Based on the results of the present study, we suggest that the stimulatory effect of AGN extract on adipogenic differentiation can be mediated by up-regulation of PPARγ expression and activity.
Insulin signaling involves a cascade of events initiated by insulin binding to its cell surface receptor, followed by receptor autophosphorylation and activation of receptor tyrosine kinases, resulting in tyrosine phosphorylation of insulin receptor substrates (IRS) (Choi and Kim, 2010) . IRS-1 is integrated with PI3-kinase (phosphatidylinositol 3-kinase), which is necessary but not sufficient for the stimulation of the glucose transporter (GLUT)-4-mediated increase in glucose transport .
The final step in this signaling cascade is the translocation of GLUT4 from intracellular compartments to the plasma membrane, thereby facilitating the entry of glucose into insulinsensitive cells like fat cells (Burèn, et al., 2003) . PPARγ ligands are known to increase glucose transport by insulin-sensitive tissues by regulating the expression of several genes involved in glucose metabolism (Choi and Kim, 2010) . Insulin responsiveness is acquired during the maturation and differentiation of adipocytes and involves the expression of proteins responsible for the phenotypic functions of adipocytes, such as GLUT4, PI3K and IRS-1 (Cho et al., 2010) .
On the other hand, in insulin-resistant states, signal transduction via the insulin receptor is impaired and activation of downstream targets such as IRS-1 and GLUT4 is decreased (Oliver et al., 2010) . In this study, we showed evidences which can demonstrate that AGN extract increased the phosphorylation of IRS-1 and PI3K and the expression of GLUT4 in adipocytes, suggesting the potential of AGN extract in improving insulin resistance.
Conclusion
In summary, our results showed that AGN root extract significantly promoted adipogenic differentiation in 3T3-L1 preadipocytes by upregulation of PPARγ expression through activation of the GLUT4/PI3K/IRS-1 insulin signaling pathways proving its therapeutic potential in managing T2DM.
